In this study, an investigation on olive cake as on alternative fuel and effect of drying air temperature and drying air velocity is conducted. In many developing countries olive cake is considered as a biomass and can be used in very large amounts at very low cost. The effect of drying air temperature and air velocity at constant humidity conditions was studied. A process for drying of olive cake in a fluidized bed dryer is proposed. Results of these experiments of the olive cake indicated that olive cake has an excellent potential to be a renewable source of energy and suitable material for these types of dryers.
INTRODUCTION
Energy demand in the world continues to increase with the increase in population and economic development. In order to generate the necessary energy to supply the increasing energy demand and also to comply with the regulations related to environmental pollution, use of biomass as a renewable energy source is becoming more and more important. Energy produced by using biomass helps 'sustainable development' and meeting targets in the Kyoto Agreement, (Topal et al., 2003) .
Olive cake (OC) can be burned alone or can be combined with other combustible materials, like low calorific value lignite coals. Turkey is rich in olive trees. OC is available in large amounts at a very low cost (Alkhamis et al., 1999) . Vegetable oils and OC can be considered as alternative fuels, which do not contain sulfur. OC actually is a waste and like other wastes can cause problems, so suitable and acceptable disposal measures must be taken. However, an appropriate technology must be employed to avoid the production of pollutants and other problems while maximizing process efficiency.
Annually, about 1 million tons of olive is used in olive oil production and approximately 450.000 tons of OC are produced. The calorific value (LHV) of this cake is about 12.500-21.000 kJ/kg. It is comparable with the calorific values of lowcalorific coals and oils (Hepbasli et al., 2003) .
In Turkey, there are 27 OC production factories. The Aegean region supplies around 90% of the OC production in the country, and the rest is met by Antakya and Nizip, Turkey. The Izmir, Aydin, Ayvalik and Milas regions are at the top among all the olive oil production regions. Some advantages of using OC as an energy source are as follows (Yilmaz, 2001 ):
• Low cost compared to fossil fuels • Problem-free storage • Lack of transportation requirements if used in an oil production facility OC is a by-product of olive oil production and is a solid material consisting of seed particles and the fleshy parts of olives. Depending on the process of olive oil production, 2 terms are used to describe OC in Turkey. The first one is called "raw (oily) OC", which consists of about 2-12% of oil (for example, 1.8-6% and 8-12% by using centrifugal and hydraulic pressing methods, respectively), while the second is "oil-free OC (has no oil)", which is obtained after extraction of oil from oily OC.
The amount of OC production varies from one year to the next because of several factors, mainly related to the olive yield and the percentage of olives to be used for olive oil extraction. The amount of the OC per liter of olive oil produced also varies depending on the oil extraction method selected. In 1998-1999 production season, estimated olive production is 1.603.944 tons/year, amount of olives to be used for olive oil production is 1.174.600 tons/year, amount of olive oil produced is 207.652 tons/year, estimated OC production (on dry basis) is 234.920 tons/year.
EXPERIMENTAL STUDY
OC used in the drying experiments was supplied from different olive oil extraction factories in Aydın, Turkey. The samples were taken from 2 different 25 tons of OC bulks, in 100 g of amounts.
Drying experiments of OC were done in Ege University Agriculture Machines Department Drying Laboratory, Izmir. A general scheme of the drying experiment setup is given in the Fig. 1 (Yagcioglu et al., 2001) . (Yagcioglu et al., 2001 ).
As seen from the Fig. 1 ; experiment setup consists of the following equipments:
• Equipments measuring the amount and supply of drying air:
Fan (1), orifice plate for measuring the air flow rate (2), U manometer (3), anemometer (18), • Equipments controlling the relative humidity of drying air:
Cooling tower (4), cold water tank (5), cold water temperature measurement thermo wire (6), cold water re-pump (7), water spout (8), thermo wires for measuring the wet-bulb and dry air temperatures (9 and 11), steam generator(13), heater (14), thermo wires for measuring the temperature of steam generator, steam injector solenoid valve (16), relative humidity control system (17).
• Equipments heating and measuring the drying air:
Electrical heater (10), thermo wire couple (11) and temperature measurement equipment (17) • Drying zone:
Air ducts and canals (12), scale (19).
• Measurement record and control unit:
A computer for recording and controlling all the measurements done (20). In the drying mechanism air flow rate needed for drying is supplied and modified by changing the rotational speed of electric motor. For this reason, network frequency of electrical energy going to the electric motor is changed by special equipment.
Mass flow rate of air blown to the drying zone is measured by orifice plate method. Pressure difference between two sides of the orifice plate is measured by a differential manometer (3).
To hold the drying air relative humidity value constant, due to the supply air initial temperature and relative humidity, sometimes air is cooled, sometimes heated and water or steam is sprayed into it. In the cooling mode, cooled water (5) with the help of the re-circulation pump (7), is pumped to the upper part of the cooling tower and sprayed through the water spout (8) downward.
As the water and the air flow meets along the cooling tower, a mass and heat transfer occurs between the mediums and the required air quality is obtained from the upper part of the tower. Air leaving the tower is let into the zone containing electrical heaters (10) and heated to the desired temperature. Air relative humidity is controlled with the help of the thermo wires located in the exit of the cooling tower (9) and heaters (11) as measuring the dry and wet-bulb temperatures of the air. In the drying zone (12), these measurements are done by electronic hygrometers (17) and this information is sent to computer, required commands are given to the cooling tower and the pump by the help of computer automatic control system (20) .
If the heated drying air relative humidity is less than the desired value, pressured steam or boiling water prepared in the steam generator (13), is sprayed into the drying air by the injectors.
Drying air is heated in the heating zone which consists of 8 heaters (each has 1kW heating capacity) to the desired temperature level. These heaters are controlled by the help of the temperature controllers (17) located in the drying zone and the computer (20) automatically. This control system provides ±1°C temperature sensitive stable temperature distribution.
After preparing the desired temperature, mass flow rate and relative humidity conditions air is let into the drying zone upwards by four different ducts each having 105 mm diameter. The amount of air entering this zone is controlled with the dampers located before the ducts. This system prevents different mass flow rates of air in the different ducts. Drying zone and the drying ducts are isolated for the heat losses. Olive cake samples are put into wire lattices each prepared for air inlet and suitable for sample particle dimensions for preventing mass losses.
To obtain the OC drying characteristics, these experiments are repeated three times. In the experiments, the following data is used.
In all experiments, the effect of drying air relative humidity on drying mechanism is eliminated and this value is taken in the average of 4.96%. Supply air relative humidity is taken constant in the average of 63.37%.
To obtain the effect of drying air temperature on the drying mechanism, air temperature of 60°C, 70°C and 80°C is evaluated. To obtain the effect of drying air velocity on the drying mechanism, air velocity of 0.5 m/s, 1 m/s and 1.5 m/s is considered. OC samples are divided into 4-5 grams piles and weighed. After this procedure they are kept at 105°C in an electrical oven for 24 hours and the average initial OC humidity is found to be 41.44%.
Air flow, weight and temperature are obtained by the help of the following equipments:
Drying a material in the decreasing drying period, correlation between the humidity and the drying time is calculated with the following logarithmic expression:
(1) In this expression, N is dried material humidity at the time t, N d is the dynamic balance humidity of the material after drying, N 0 is initial material humidity, t is the time from the beginning of the experiment (h), and k is the material drying characteristic coefficient (h -1 ). The left part of the above expression is dimensionless quantity and is giving the humidity in the material that is ready to be evaporated at the observation time divided by the total humidity of the material that is evaporated from beginning to the end of the experiment.
This expression is called as divergence humidity ratio (DHR) and can be shown as follows: Relation between DHR and drying time (seconds) can be seen in Fig.'s 2-10 . From Fig. 11 we can say that most of the drying mechanism occurs in the first 20 seconds of the experiment at 0.5 m/s drying air velocity in all drying air temperatures. Difference between the drying air temperatures 60°C, 70°C and 80°C is not so considerable. It is clear that in drying at 80°C, the material's moisture content decreases faster than the drying at 60°C and 70°C temperatures. This result can be used in a commercial dryer in minimizing the heat requirements. In Fig. 12 , drying mechanism occurs in the first 15 seconds of the experiment at 1 m/s drying air velocity in all drying air temperatures. Difference between the drying air temperatures 60°C, 70°C and 80°C is not so considerable. In the Fig. 11 , drying occurs in the first 15 seconds. This means, for faster drying we must increase the drying air velocity.
In Fig. 13 , drying mechanism occurs in the first 8 seconds of the experiment at 1.5 m/s drying air velocity in all drying air temperatures. Difference between the drying air temperatures 60°C, 70°C and 80°C is not so considerable.
The equation used is chosen as follows (Togrul et al., 2002) :
Figure 13. Drying rate (∆ANO/seconds) versus drying time (seconds) graph at 1.5 m/s air velocity.
According to this equation, the coefficients a, b and s is evaluated as follows, s is the standard error coefficient (Table 1) .
Using the k coefficients, a QBASIC program is modeled and the results are presented as follows. The closest approach to biggest correlation coefficient R is evaluated. In the computer program, minus k values are taken as plus.
Drying characteristic equation is evaluated as (Correlation Coefficient, R = 0.8790):
In this equation k is material's thermal conductivity, T drying air temperature and v drying air velocity.
From the experiments general olive cake DHR equation for experiment conditions is as follows:
RESULTS AND DISCUSSION
From these experiments, we can easily see that drying air temperature and velocity is important in the drying mechanism. If we compare the effect of each factor, the effect of air velocity on drying is greater than that of temperature. This can be explained by the forced heat convection. By the help of the air motion, the humidity in the material is carried to the drying medium. Finally, we can say that most of the humidity in the olive cake can be taken in the first 20 seconds at 0.5 m/s air velocity, 15 seconds at 1 m/s air velocity and 8 seconds at 1.5 m/s air velocity. This information is used in the commercial drying machines for olive cake drying. Also, we can conclude that, olive cake has got suitable grain properties and dimensions for most of the dryer types. However, we must take into account that, olive cake has no constant particle dimensions and some grain particles can easily fly away, so cyclones must be used for higher air velocities.
These results suggest that OC is a potential fuel that can be utilized for clean energy production in small-scale industries by using fluidized bed dryers. equation (a,b,s) for 0,5-1-1,5 
